Aggregates form 60% to 75% of concrete volume and thus influence its mechanical properties. The strength of normal concrete is affected by the maximum size of a well-graded coarse aggregate by two opposing ways. Concrete mixes containing larger aggregate particles needs less mixing water than those containing smaller aggregates. On the other hand, the smaller size aggregates give larger surface area for bonding with the mortar matrix. This study is a trial to cover these two points with testing three different useable concrete mixes in Kurdistan RegionIraq which are 1:1.5:3, 1:2:4 and 1:3:6 (Cement: Sand: Gravel). In each mix, five maximum aggregate sizes were used which are 9.5mm, 12.5mm, 19mm, 25mm and 37.5mm , the consistency of the all mixes is fixed for slumps of 25-50mm . According to the test results it is concluded that in general the compressive strength of concrete increases when the maximum size of aggregate decreases and the maximum aggregate size strongly influences the concrete strength. Test results also show that the optimum concrete strength is reached by using aggregates of 9.5mm maximum size. We further concluded that for a specified strength, an economical mix can be produced by decreasing the amount of cement and using an appropriate maximum aggregate size.
INTRODUCTION
Aggregates form 60 to 75 percent of concrete volume and thus influences its mechanical properties.
The strength of normal concrete is affected by the maximum size of a wellgraded coarse aggregate by two opposing ways. Concrete mixes containing larger aggregate particles needs less mixing water than those containing smaller aggregates. On the other hand, the smaller size aggregates give larger surface area for bonding with the mortar matrix. Several researches had been done on the effect of the maximum aggregate size (MAS) on concrete compressive strength. The conclusions of these investigations differ from one to another as shown below; Kozul and Drawin (1) studied the compressive strength and fracture of concrete and how the aggregate type, size, and content affects these concrete properties. They used basalt or crushed limestone aggregate with sizes of 12 mm or 19 mm.
They concluded that for both normal and high-strength concretes the compressive strength is little affected by aggregate size, while the flexure strength of the both concretes is not affected by the aggregate size. Yousif et. al. (2) (6) concluded that concrete with a mixture of 10mm and 5mm aggregates gave higher compressive strength than other types of aggregates when they tested the effect of aggregate sizes on the compressive strength of high compressive strength using 37.5mm, 25mm, 20mm, 10mm, and 5mm coarse aggregates. Kumar Current study is a trial to cover these two points with testing three different useable concrete mixes in Kurdistan Region -Iraq which are 1:1.5:3, 1:2:4 and 1:3:6 (Cement: Sand: Gravel). In each mix, five maximum aggregate sizes were used which are 9.5mm, 12.5mm, 19mm, 25mm and 37.5mm. As the water to cement ratio affects concrete compressive strength inversely, and to minimize this effect on variation of the compressive strength of the different mixes, the degree of workability for all mixes was fixed for slumps of 25-50mm which are low workable concretes according to Nivlle (14) . This study is regarded as a trial to develop more economical mixes for concrete structures by decreasing the amount of cement and using a suitable maximum aggregate to get a specified strength.
EXPERIMENTAL PROGRAM
In order to examine the effect of maximum size of coarse aggregate on compressive strength an experimental program was planned.
A total of 45 concrete cubical specimens (150*150*150 mm) in dimensions were casted and tested after 28 days of water curing. These concrete specimens were divided into three groups, one group for each mix of the three mixes. Each group includes (15) cubes to cover the five aggregate sizes which were used .The program is shown in table (1).
MATERIALS AND METHODS MATERIAS 2.1.1 Cement:
Ordinary Portland Cement was used throughout this research. The cement was sourced from Turkish and has a specific gravity of 3.12.
Aggregate:
The fine aggregate is locally river sand obtained from al-khazer area with a fineness modulus of (2.6). The coarse aggregate is also obtained from al-khazer area. This aggregate was an Iraqi rounded river gravel, with maximum aggregate sizes of (37.5) mm and less.
Water:
Potable drinking water is used throughout this work.
More details about the properties of the materials used in current work are given in table (2). Coarse Aggregate) were examined in this work and the degree of workability of the all mixes were kept constant between (25-50mm).
Casting, Curing and Testing of Specimen
Concrete specimens were made according to BS 1881-108 (1983).
12)
The required weights of concrete ingredients were measured and mixing was done by an electrical mixer to ensure the homogeneity of the mixes, the degree of workability of all mixes were kept constant and measured by the slump test in accordance to ASTM C143-Slump of Portland Cement Concrete.
For each mix and each (MAS) of coarse aggregate 3 cubes (150*150*150mm) were casted. After casting by one day, the concrete cubes were removed from the molds and were transferred to a water tank to be cured until the time of test which is fixed as (28 days). The curing of the cubes was done by immersing them in water tank. The concrete samples were tested for compressive strength at 28 days according to BS1881-116 (1983). (13) For each variable, three samples were tested using a universal compressive testing machine and the average value for the three cubes was taken. , Yaqyb (6) , Woode (01) , and Shetty (14) . The increase in the strength is due to two reasons:-
1.
Concrete 
2.
The smaller nominal maximum size has a larger surface compared with the larger nominal maximum size which makes a high bonding strength at the interface zone around the aggregate particles when concrete is under loading, so as bond failure is avoided and the fracture surfaces pass through the aggregate as well as through the hardened cement paste both under compressive and under tensile loading (05) .
Figure (2) also shows that by using 19mm, the increase in compressive strength is about 10% compared to compressive strength of the same concrete which includes 37.5 mm maximum aggregate size.
The maximum compressive strength (32.92 MPa) was obtained by using 9.5 mm aggregate in this mix; this strength is 28% higher than that of the concrete with 37.5 mm maximum aggregate size. For this mix, the optimum strength also occurs when using 9.5mm, while the minimum strength, which is also greater than the structural concrete strength limit (>17MPa) occurs when using 25mm.
From the analysis of test results it is
After analyzing the results of this mix it was shown that the polynomial equation (Y=0.0232X2 -1.145X +32.236 with R2=0.9887) was the best relation between the compressive strength and the maximum aggregate size.
Finally it can be concluded that for the all mixes and all the tested aggregate sizes, aggregates of 9.5mm maximum size gives the optimum compressive strength to the concrete. The production of concrete by this method will have another advantage which is, reducing the risk of thermal cracking due to a temperature peak caused by the heat of hydration of cement in rich mixes. It is clear that below the cement to aggregate ratio (C/A=6), the concrete strength is more affected by the change in the aggregate size than the cement content. concrete is reached by using aggregates of 9.5mm maximum size. 4. For concrete of cement to aggregate ratio below (6), the compressive strength is more affected by the change in the aggregate size than the cement content. 5. For a specified strength, an economical mix can be produced by increasing the cement to aggregate ratio and decreasing the maximum size of aggregate. 6. Lean mixes can be used for structural purposes when using small sized aggregates.
